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Metabolic dysfunction-associated steatotic liver disease (MASLD) is a prevalent liver disorder globally, including
in Asia-Pacific countries. In addition to contributing to severe liver disorders, MASLD increases the risk of various
complications. Currently, resmetirom is the only U.S. Food and Drug Administration-approved treatment for
MASLD-related fibrosis in the United States. Therefore, lifestyle modifications, particularly regular exercise, re-
main a crucial approach in managing MASLD. Exercise is generally classified into two types: aerobic and resis-
tance. The two forms offer benefits for individuals with MASLD, despite the difference between their effects and
underlying mechanisms. Aerobic exercise is accessible, low cost, and promotes high energy expenditure, im-
proving several MASLD-related clinical parameters. However, associated fatigue and discomfort can reduce
long-term adherence. Resistance exercise, referring to muscle contractions performed to counteract external re-
sistance, enhances muscle strength, muscle mass, and bone mineral density while also helping to correct meta-
bolic derangement. It is especially suitable for subjects with MASLD who cannot conduct aerobic exercise or
have poor cardiorespiratory function. Mechanistically, aerobic exercise enhances insulin sensitivity, while resis-
tance exercise improves metabolic flexibility through adenosine monophosphate-activated protein kinase acti-
vation, muscle fiber adaptation, and muscle-liver cross-talk. In terms of aerobic training, traditional moderate-
intensity continuous training (MICT) and high-intensity interval training (HIIT) have shown comparable benefits.
This review is designed to offer refreshed perspectives on the advantages of exercise, compare the effects and
mechanisms of aerobic and resistance exercise, and evaluate the advantages and disadvantages of MICT and
HIIT, with emphasis on theirimpact on hepatic steatosis in subjects with MASLD.
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INTRODUCTION

Fatty liver disease, also known as steatotic liver disease, is a com-
mon liver disease globally."® The presence of fatty liver is an essen-
tial criterion for metabolic dysfunction-associated fatty liver disease
or metabolic dysfunction-associated steatotic liver disease (MASLD),
both of which align with the traditional term non-alcoholic fatty
liver disease.”® To diagnose MASLD, apart from hepatic steatosis,

at least one of five cardiometabolic risk factors—body mass index
(BMI), waist circumference, glycemic profile, blood pressure, hy-
pertriglyceridemia, or low serum high-density lipoprotein choles-
terol—must be present.® Liver steatosis can be confirmed through
biopsy or imaging, ensuring that excessive alcohol consumption is
ruled out as a causative factor.

In this review, MASLD is recognized as a risk factor for both he-

patic and extra-hepatic complications, including diabetes mellitus
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and obesity.* Currently, resmetirom is the only approved treatment
for MASLD-related significant liver fibrosis in the United States.*
Therefore, lifestyle modifications, particularly exercise, remain a
key strategy for managing MASLD.>

Exercise has demonstrated benefits for subjects with various health
conditions, including MASLD,*"? by enhancing energy consump-
tion and muscle strength.>® Exercise can be generally categorized
into aerobic and resistance types, both of which improve metabolic
disorders in MASLD patients,*”'> despite the difference in their
clinical effects and underlying mechanisms. Aerobic exercise pri-
marily enhances insulin sensitivity, while resistance exercise improves
metabolic flexibility through adenosine monophosphate-activated
protein kinase (AMPK) activation, muscle fiber adaptation, and
muscle-liver cross-talk." Reviews regarding benefits of exercise for
subjects with MASLD have been published.>*'"""” The impacts of
frequency, intensity, and duration of exercise protocols have been
explored previously." This review aims to update and compare the
outcomes of various aerobic and resistance exercise programs in
MASLD patients, focusing on the effects of liver fat reduction. Ad-

ditionally, the potential mechanisms accounting for the improve-
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ment of hepatic steatosis in each exercise type will be discussed. Fur-
thermore, within aerobic exercise, the review will introduce the fea-
tures and benefits of moderate-intensity continuous training (MICT)
and high-intensity interval training (HIIT).

IMPORTANCE OF LIFESTYLE
INTERVENTIONS

MASLD is the liver manifestation of metabolic syndrome, and
lifestyle interventions such as weight loss, energy restriction, and
exercise are fundamental to its treatment (Fig. 1). Currently, there
are no approved pharmacological interventions in most parts of the
world. Therefore, lifestyle modifications remain crucial for liver fat
reduction and prevention of liver disease progression.”**" Addition-
ally, these interventions provide benefits beyond the liver, helping
to manage extra-hepatic complications like obesity and diabetes

mellitus.?**

Weight loss

Weight loss can be achieved through various strategies and even

-

~

« Daily calorie restriction 500-1,000
kcal recommended

« Diet composition and intrahepatic
fat reduction:
- Mediterranean diet (evidence-based)
- Ketogenic diet (less evidence and

potential serum cholesterol elevation)

- Low-carbohydrate diet (less evidence) \_

Improvement of
MASLD
- N ) ) )
Diet Exercise Body weight
reduction

« HIIT 75-150 minutes per week or
MICT 150-300 minutes per week:
- Improve lactate clearance and
aerobic capacity
- HIIT outweighs MICT in enhancing
metabolic parameters
« Adherence is the key

» 25% reduces hepatic steatosis

+ 27% regresses steatohepatitis

+ 210% reverses liver fibrosis

« Lean MASLD subjects: 3%-5%
recommended

Y, - Improve insulin sensitivity

- High-protein diet (low evidence)
- Intermittent fasting (low evidence)
N J

- Lower the risk of severe liver diseases
development

\_ J

Figure 1. Features and recommendations of lifestyle changes in subjects with metabolic dysfunction-associated steatotic liver disease (MASLD).>>%
HIIT, high-intensity interval training; MICT, moderate-intensity continuous training.
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pharmaceutical intervention. It has been shown to reduce liver fat;
improve glucose control and insulin sensitivity; and lower the risk
of type 2 diabetes mellitus, cardiovascular diseases (CVDs), and
severe liver diseases.”**” According to the American Gastroentero-
logical Association guidelines, a body weight reduction of at least
5% can reduce hepatic steatosis, 7% or more can regress steatohep-
atitis, and a 10% or greater reduction can reverse liver fibrosis.” For
lean MASLD subjects (not overweight or obese), a weight reduc-

tion of 3% to 5% is recommended.?**

Diet

Dietary strategies for managing MASLD include restriction of
calorie intake, selection of appropriate diet patterns, and optimiza-
tion of meal timing and interval. Calorie restriction is essential in
MASLD improvement, with a recommended daily reduction of
500 to 1,000 kcal. Ideally, total daily calorie intake should be limit-
ed to around 1,200 kcal for female subjects and 1,400 to 1,500 kcal
for male subjects. Diet control supports weight loss, improves in-
sulin resistance, and reduces liver fat.”>** Notably, the effect of in-
trahepatic fat reduction can persist even if some weight is re-
gained.”

Other than energy restriction, diet composition plays a crucial
role in health outcomes and the level of intrahepatic fat. Low-car-
bohydrate diets and the Mediterranean diet (MD) are particularly
beneficial.***® The MD consists of nutrient-rich foods such as fruits,
vegetables, olive oil, nuts, seeds, legumes, minimally processed whole
grains, and omega-3 fatty acid-rich fish.”® Considering the nature of
fat, dairy products, red meat, and processed meats should be limit-
ed. Both the American College of Cardiology and the American
Heart Association recommend the MD for subjects at risk of CVD,
as well as those with MASLD. Additionally, previous studies indi-
cated that the MD is associated with a lower risk of hepatocellular
carcinoma in MASLD patients.”’

Along with MD, the ketogenic diet (KD) has also been recom-
mended for improving MASLD.? The KD is characterized by low
proportions of proteins and carbohydrates, with a relatively high-
fat content. Reducing carbohydrate intake plays a key role in
MASLD improvement. Through modification of mitochondrial
function and hepatic oxidation status, ketone body production is

enhanced. While intrahepatic triglyceride synthesis remains unaf-
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fected, visceral fat is reduced with KD consumption.® Although
KD offers potential benefits for MASLD patients, animal and clini-
cal studies have highlighted certain risks associated with its use.
Therefore, the safety of KD application in subjects with MASLD is
uncertain.*'

Recently, alternative dietary approaches, such as high-protein di-
ets and intermittent fasting, have been introduced for subjects with
CVD and MASLD.* High-protein diets have been shown to mark-
edly decrease serum inflammatory biomarkers,” while sugar-re-
stricted diets have demonstrated a reduction in intrahepatic fat in
adolescents with MASLD.* However, clinical trials on these emerg-
ing dietary interventions are limited, and their effectiveness and safe-
ty have yet to be fully established. Further research is needed to con-
firm their long-term benefits for MASLD management.

Exercise

Exercise is a useful way for correcting metabolic derangements
by improving glucose and lipid metabolism.*** It enhances periph-
eral insulin sensitivity, reduces liver lipogenesis, facilitates adipose
tissue lipolysis, and ultimately reduces liver fat, resulting in improve-
ment of MASLD. Exercise can be classified into aerobic and resis-
tance types,’>*® which will be discussed in detail in the following
sections.

The benefit of a low-calorie diet through body weight reduction
can be amplified when combined with exercise. For instance, pair-
ing exercise with the MD can decrease body weight, visceral adipose

tissue, and liver fat more effectively than the MD without it.**

Other behavioral modifications

In addition to weight loss, diet control, and exercise, lifestyle in-
terventions for subjects with MASLD should include avoidance of
harmful habits such as drinking and cigarette smoking, as these be-
haviors potentially accelerate liver disease progression.” Studies
have demonstrated that even light-to-moderate consumption of al-
cohol is associated with accumulation of liver fat and the advance-
ment of hepatic fibrosis. Synergistically, in the presence of obesity,
the risk of various liver diseases is heightened.* Therefore, counsel-
ing and educational programs are recommended to help MASLD
patients reduce these risky behaviors and lower their risk of progress-

ing to liver fibrosis.*
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Table 1. Comparison of aerobic vs. resistance exercise in subjects with metabolic dysfunction-associated steatotic liver disease'?

Aerobic exercise

Resistance exercise

Metabolic parameters
Features

Improved

body weight
Reduction of intrahepatic fat Yes

Mechanisms of improvement  Improve insulin sensitivity

Advantages

Disadvantages
lead to decreased adherence

High energy consumption and reduction of

Convenient, low cost, and widely available

Fatigue sensation and physiological discomfort

Improved
Lower intensity and energy consumption than aerobic exercise

Yes, but might be independent of body weight loss.

Improve metabolic flexibility through AMPK activation, muscle
fiber adaptation, and muscle-liver cross-talk. Improve lipid
metabolism in the liver.

Feasible for subjects with cardiorespiratory disorders or who
cannot tolerate intensive exercise

High cost and individualized equipment might be required.

AMPK, adenosine monophosphate-activated protein kinase.

CLINICAL EVIDENCE OF EXERCISE
INTERVENTION

Both aerobic and resistance exercises improve liver disease out-
comes and extra-hepatic comorbidities in individuals with MASLD
(Table 1). However, the clinical characteristics and underlying mech-
anisms of improvement differ between the two exercise types.

Aerobic exercises like jogging and swimming offer several advan-
tages, including convenience, low cost, and easy accessibility.***
They typically result in high energy consumption, favorable reduc-
tion of body weight, and improvement of metabolic variables asso-
ciated with MASLD.**® However, several disadvantages exist, in-
cluding fatigue and physical discomfort, which can diminish long-
term compliance in some subjects. Furthermore, moderate to in-
tense aerobic activities require a certain level of cardiorespiratory
and mobility fitness. For subjects with underlying cardiorespiratory
issues or mobility disability, aerobic exercise with high intensity can
be harmful.3>%

Resistance exercise involves muscle contractions against external
resistance, which can enhance muscle strength, muscle mass, and
bone mineral density. Similar to aerobic exercise, it also improves
insulin resistance and metabolic parameters. However, resistance
exercise typically requires less body energy and is feasible for certain
MASLD subjects with impaired cardiorespiratory function or those
who are overweight or obese and unable to tolerate intense aerobic
activity.*>* A potential drawback of resistance training is the re-
quirement for space and specific equipment, and it is less accessible

and often more costly than aerobic exercise.

242 | https://www.jomes.org

The benefits of aerobic and resistance exercise for subjects with
MASLD have been reviewed comprehensively.** Various exer-
cise protocols of the two exercise patterns in the improvement of
MASLD have been summarized in detail in a recent review arti-
cle.”” Given the high prevalence of cardiovascular issues and physi-
cal incapacity, especially in older populations with MASLD,** it
is essential to assess the risks of exercise. Exercise programs should
be individualized based on underlying cardiorespiratory fitness as
well as the presence of comorbidities to ensure safety and effective-

ness.

Aerobic exercise improves hepatic steatosis in MASLD
Aerobic exercise is cost-effective and easily accessible. Hashida et
al."? analyzed 24 aerobic exercise protocols from 18 studies (medi-
an age, 48 years; median BMI, 30.9 kg/m?). Most protocols involved
exercising three times per week for 40 minutes per session over a
12-week period, and most adopted conventional MICT methods
such as cycling. Overall, a decrease in intrahepatic fat was document-
ed in 22 (91.7%) of the protocols. Nonetheless, aerobic exercise
can cause fatigue and discomfort, potentially leading to lower ad-

herence over time.

Resistance exercise improves hepatic steatosis in MASLD

Subjects with MASLD obtained similar benefits from resistance
exercise in terms of body weight reduction and lower serum alanine
aminotransferase levels in the review by Hashida et al.'> Among
seven studies, liver fat reduction was observed in 85.7% of the pro-
tocols (median age, 49 years; median BMI, 30.6 kg/m?).**%3 Mag-
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netic resonance spectroscopy (MRS) was adopted for assessment
of intrahepatic fat in three studies, disclosing intrahepatic fat reduc-
tions of 13%, 3%, and 25% from baseline, respectively.** All pro-
tocols incorporated exercising three times per week for 45 minutes
per session, with a median metabolic equivalent of 3.5, with the
majority involving a 12-week period.

Based on these findings, 12-week resistance exercise can help
improve hepatic steatosis. Performing three sets of 8—12 repetitions
focusing on major muscle groups three times per week is generally
recommended.

Notably, resistance exercise reduced hepatic steatosis without
substantial weight loss and was less energy-intensive than aerobic
exercise.”*"** These features can support the creation of individu-
alized exercise programs based on personal physical condition in-

cluding underlying cardiopulmonary function.

Comparison of aerobic exercise versus resistance exercise
in the improvement of hepatic steatosis

To further compare the efficacy of aerobic exercise versus resis-
tance exercise in the improvement of hepatic steatosis in subjects
with MASLD, we searched the PubMed database for randomized
trials investigating the improvement of hepatic steatosis with aero-
bic exercise versus resistance exercise from the year 2000. The fol-
lowing search terms were used: fatty liver, aerobic, resistance, and
randomized controlled trials (RCTs). Finally, we identified seven
trials, and the details are shown in Table 2.

MECHANISMS OF IMPROVEMENT

Definition and maintenance of metabolic flexibility

Metabolic flexibility refers to the body’s inherent ability to use
any available substrate as an energy source and is regulated by insu-
lin and glucagon depending on its current needs." In a resting state,
the body transitions between glucose and lipids as main sources of
energy. Postprandially, insulin stimulates the conversion of glucose
into glycogen in the liver and aids in glucose absorption by the skel-
etal muscle. In periods of fasting, glucagon induces glucose synthe-
sis and glycogenolysis in the liver and fat breakdown in adipose tis-
sue, providing energy by releasing free fatty acids.

Regulated by the coordinated actions of insulin and glucagon,

J Obes Metab Syndr 2025;34:239-252
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this process enables the body to adapt its energy use according to
eating or fasting conditions, helping maintain metabolic flexibility.
Any disruption to this process, as seen in conditions such as MASLD,
can disable the body’s utilization and conversion between glucose
and lipids.""'*" The impairment might induce lipid build-up in non-
adipose tissues such as the liver, facilitating development of hepatic
steatosis or leading to progression of MASLD.

Therefore, strategies to prevent or manage MASLD should pri-
oritize preserving or restoring metabolic flexibility. Additional fac-
tors affecting metabolic flexibility include myokines, gut-liver axis,
gut microbiome, mitochondria, peroxisome proliferator-activated
receptor gamma coactivator-1 (PGC-1) alpha, and peroxisome

proliferator-activated receptor (PPAR) alpha."!

Mechanisms of improvement through exercise

Briefly, aerobic exercise promotes insulin sensitivity and supports
metabolic flexibility. Resistance exercise can improve metabolic flex-
ibility through activation of AMPK, muscle fiber adaptation, and

muscle-liver cross-talk.'"'¢

Aerobic exercise

Aerobic exercise enhances insulin sensitivity. In adipose tissue,
it facilitates lipolysis and beta-oxidation and increases acetyl-coen-
zyme A production, which increases adenosine triphosphate cre-
ation in the mitochondria.’® Additionally, aerobic exercise upregu-
lates uncoupling protein-1 and PPAR-gamma,* further enhanc-
ing lipolysis in adipose tissues.” Also, it has been found to reduce
resistin levels and increase adiponectin levels in serum, which po-
tentially benefits subjects with MASLD or metabolic dysfunc-
tion‘58-60
Resistance exercise

Compared to aerobic exercise, the mechanisms accounting for
the clinical benefits of resistance exercise are not fully clarified. Sev-
eral studies have suggested that these benefits stem from muscle fi-
ber type-specific adaptations. There are two types of muscle fibers:
type I, which relies on slow oxidative metabolism, and type II, which
depends on fast glycolytic metabolism. Resistance exercise primarily
increases muscular strength and mass, particularly in stimulating

hypertrophy in type II fibers rather than type I fibers. In addition,
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resistance training enhances the expression of the glucose transport-
er 4 (GLUT4) in type II fibers, contributing to a notable improve-
ment in insulin sensitivity."** Overall, resistance exercise upregu-
lates type II muscle fiber glycolysis, induces muscle changes, and
ameliorates peripheral insulin resistance. Also, AMPK molecular
signaling pathway can be activated during muscle contractions,
which promotes the uptake of glucose by facilitating translocation
of GLUT4 to the muscle cell surface. These mechanisms likely im-
prove impaired metabolic flexibility and account for the clinical
benefits of resistance exercise, including the decrease of intrahepat-
ic fat in subjects with MASLD.

Hence, resistance exercise can help improve MASLD in part by
facilitating communication between muscle and liver.*% One ex-
ample of this mechanism is irisin, a myokine released by skeletal
muscles. Irisin not only promotes thermogenesis and energy ex-
penditure in subcutaneous adipocytes but also helps regulate lipid
metabolism in the liver.” Recombinant irisin has been shown to in-
hibit the expression of liver lipogenesis regulators.”” In obese mice,
overexpression of irisin reduced liver fat content. Interestingly, the
irisin serum levels were lower in MASLD subjects than healthy
subjects.”® Kim et al.*” discovered that resistance exercise notably
elevated irisin serum levels, a feature not observed in subjects per-
forming aerobic exercise. These results indicate that resistance ex-
ercise impacts lipid metabolism and aids in reducing liver fat via the
effect of irisin.*

Overall, these mechanisms indicate that resistance exercise can
help prevent or reduce liver fat accumulation in individuals with

MASLD.

Table 3. Comparison of HIIT vs. MICT in subjects with MASLD”*7¢

jomes

INTERESTING ISSUES REGARDING
EXERCISE

HIIT vs. MICT aerobic exercise

There are two types of aerobic training protocols: MICT and
HIIT (Table 3). MICT typically involves a steady intensity with a
maximal oxygen uptake of 45% to 75%. In contrast, HIIT involves
repeated cycles of high-intensity exercise or spring-type exercise in-
terspersed with periods of recovery, achieving a higher maximal ox-
ygen uptake of 80% to 90% over a shorter duration. HIIT has gained
popularity as a time-saving exercise option.”””* Due to the distinct
characteristics of these exercise methods, it is uncertain which is
more beneficial for improvement of aerobic capacity and other met-
abolic parameters.

In brief, both HIIT and MICT improve lactate clearance, in-
crease aerobic capacity, correct metabolic derangement, and miti-
gate MASLD progression. Previous research disclosed that HIIT
outperforms MICT in enhancing metabolic parameters, reducing

visceral fat, and improving insulin sensitivity.”*"®

Both HIIT and MICT increase clearance capacity of
lactate

Lactate accumulation in the body influences aerobic exercise
performance. Physiologically, glycolysis, which is responsible for
the supply of body energy, involves break down of glucose to pro-
duce lactic acid and sequential conversion to lactate and protons.”
Lactate clearance helps maintain acid-base balance and energy me-
tabolism.”® Normally, only a small amount of lactate exists in the

body at rest, but the level increases significantly in a short time dur-

HIIT MICT Remark
Metabolic parameters Improved Improved HIIT was superior to MICT.
Reduction of intrahepatic fat ~ Yes Yes HIIT similar or superior to MICT
Mechanisms of improvement  Reduce anaerobic glycolysis Similar to HIT

Enhance lactate clearance
Increase in muscle cell mitochondria and
capillary density in muscle tissue

Features Shorter time required

Rapid improvement of cardiopulmonary fitness
Higher post-exercise oxygen consumption

Improved adherence in diseased cohorts

Traditional and well established
Improve quality of life

HIIT, high-intensity interval training; MICT, moderate-intensity continuous training; MASLD, metabolic dysfunction-associated steatotic liver disease.

J Obes Metab Syndr 2025;34:239-252
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ing intense exercise or in cases of circulatory diseases due to the in-
sufficient oxygen supply.””*' When lactate accumulates in the body,
blood and cellular pH decrease, impairing glycolysis and reducing
exercise performance.

A recent study compared the effects of HIIT and MICT on lac-
tate clearance, finding that both improved lactate clearance, but
HIIT showed superior results.*?

Both HIIT and MICT improve aerobic capacity through reduc-
tion of anaerobic glycolysis. Briefly, HIIT and MICT benefit aero-
bic capacity by enhancing lactate clearance,” with resultant reduc-
tion in the proportion of anaerobic glycolysis. These benefits are
linked to changes in muscle cell mitochondria and capillary density
in muscle tissue.**** In short, exercise increases the number of mi-
tochondria and decreases glycolysis,* while also enhancing capil-
lary density. These adaptations stimulate oxygen delivery to mus-
cles and lower lactate production by decreasing anaerobic glycoly-
sis. A recent systemic review revealed that the magnitude of change
in the density of mitochondria, muscle capillarization, and maximal
oxygen consumption (VOamax) after exercise is mainly dependent
on the level of baseline fitness, with individuals of lower fitness at
baseline obtaining the greatest improvement.*” Interestingly, the
training load determined by both volume and intensity is a useful
predictor of the changes in mitochondria number and VO, No-
tably, the relative effects of HIIT versus MICT on mitochondrial

number and capillary density remain unclear.”*°

Both HIIT and MICT improve cardiometabolic health
The effectiveness of HIIT and MICT in correcting metabolic
derangement and improving clinical outcomes for individuals with
metabolic syndrome was reviewed in a recent meta-analysis.”' Among
five databases, 23 RCTs were collected, involving 1,374 participants
(mean age, 46.2 to 67.0 years; 55% male). HIIT obtained signifi-
cantly better improvements in all metabolic parameters compared
to controls, with effects similar to those of MICT. Interestingly, low-
volume HIIT protocols (< 15 minutes of high-intensity exercise)
provided noninferior effects to higher-volume sessions in improving
metabolic parameters. This review highlights the efficacy of HIIT
as an alternative to traditional MICT for managing and improving
cardiovascular and metabolic health in subjects with metabolic syn-

drome, even with low-volume protocols.
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HIIT vs. MICT in the improvement of MASLD

The comparative effects of HIIT versus MICT on reducing in-
trahepatic fat in subjects with MASLD, the liver manifestation of
metabolic syndrome, remain unclear. In animal models, although
HIIT has been adopted to manage obesity and related comorbidi-
ties, its role in preventing or treating MASLD is not well established.
A recent study investigated the effect of HIIT on preventing MASLD
in C57BL/6] mice fed a high-fat diet. The study showed that HIIT
helped maintain insulin sensitivity, prevent endoplasmic reticulum
stress, and enhance beta-oxidation.”” These findings suggest that
lifestyle modifications, including HIIT, can help treat obesity and
prevent MASLD.

Another recent clinical trial explored the effects of combining
HIIT with dietary restriction in a small, well-defined cohort.”® The
10-month intervention examined the impact of the combination
on liver and peripheral insulin sensitivity, liver histology (including
steatosis, steatohepatitis, and fibrosis), anthropometrics, and plas-
ma biochemical profiles in 16 participants. Compared to the stan-
dard of care (control group, n=8), the combination of HIIT and
energy restriction improved liver health, potentially by redistribut-
ing excess nutrients to skeletal muscle and reducing nutrient toxici-
ty in the liver for subjects with advanced steatohepatitis related to
metabolic dysfunction. Unfortunately, the impact of MICT versus
HIIT on the improvement of MASLD or metabolic dysfunction-
associated steatohepatitis were not investigated and compared in
the study.

Our recent clinical trial provided comparative data on the effects
of HIIT versus MICT on hepatic steatosis (submitted). Participants
were divided into control (n=20) and exercise (n=_80) groups,
with the exercise group further randomized into MICT and HIIT
subgroups. After 24 weeks of intervention, subjects received liver
fat re-evaluation using magnetic resonance imaging-proton density
fat fraction (PDFF), with the primary outcome defined asa > 10%
decrease in PDFE. The results of the exercise group showed signifi-
cant reductions in body weight (74.4 + 14.0 kg vs. 73.3 £ 14.7 kg,
P=0.004), controlled attenuation parameter, PDFF, and MRS (290 +
39 dB/mvs. 250+ 40 dB/m, 7.03 £ 5.88 vs. 5.48 £ 5.12,9.43 £ 5.90
vs. 7.61£5.25, all P<0.001), while the control group did not. No-
tably, there was no difference in body weight or hepatic steatosis re-
duction between the subjects performing MICT or HIIT. Our find-
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ings consistently demonstrated exercise as an effective intervention
for patients with MASLD. In particular, we first documented the
lack of significant difference in treatment effects between MICT
and HIIT exercise patterns.

In summary, MICT remains a valuable option for improvement
of metabolic parameters in patients with metabolic syndrome and
MASLD. Future research should focus on the integration of either
MICT or HIIT into personalized fitness plans and exploring their
benefits across various populations to refine and optimize exercise

recommendations.

Maintenance and prediction of adherence

Adherence to lifestyle changes, including exercise, is crucial for
patients with MASLD, as many struggle to maintain new exercise
routines or dietary adjustments.”* Improvements in weight loss and
metabolic health are often difficult to sustain. Therefore, promoting
and ensuring adherence is critical for patients with MASLD. In our
recent exercise intervention trial, our data showed adherence to play
a crucial role in intrahepatic fat reduction (submitted data). Specifi-
cally, completion of more than 75% of the entire exercise program
was associated with a better treatment outcome in the reduction of
liver fat. Supervised training is an effective strategy to enhance ad-
herence regardless of exercise type.”

Clinically, a reliable scoring or scale system is needed to assess
adherence to exercise or diet interventions in subjects with MASLD.
To address this issue, Zeng et al.” developed the Exercise and Diet
Adherence Scale (EDAS) by identifying factors that affect exercise
performance and diet adherence. The scale includes 33 items across
six dimensions, which help categorize MASLD patients based on
their level of adherence. A strong correlation between the scores
and key lifestyle indicators was identified, enabling the classifica-
tion of subjects by adherence level. In the future, this scale can be
used to group patients according to EDAS scores, helping to devel-
op individualized treatments aimed at improving adherence to vari-

ous lifestyle interventions.”

CONCLUSION

Exercise is an effective way to maintain body health and physical

fitness and prevent or even treat metabolism-related systemic dis-
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eases including MASLD. Any pattern of exercise can be helpful, ei-
ther aerobic or resistance, HIIT or moderate intensity continuous
training. Most importantly, adherence is the key toward successful
outcomes and individualized strategies integrating other lifestyle
modification and even novel pharmaceutical intervention are an-

ticipated in the near future.

CONFLICTS OF INTEREST

The authors declare no conflict of interest.

ACKNOWLEDGMENTS

The work was supported by grants from the National Taiwan
University Hospital; and the Ministry of Science and Technology
(NSTC 112-2314-B-002-205-MY3, NSTC 113-2314-B-002-241),

Executive Yuan, Taiwan.

AUTHOR CONTRIBUTIONS

Study concept and design: CL and CJL; drafting of the manu-
script: CL and CJL; critical revision of the manuscript: CJL; ob-
tained funding: CJL; administrative, technical, or material support:
CJL; and study supervision: CJL.

REFERENCES

1. Algahtani SA, Chan WK, Yu ML. Hepatic outcomes of non-
alcoholic fatty liver disease including cirrhosis and hepatocel-
lular carcinoma. Clin Liver Dis 2023;27:211-23.

2. Eslam M, Newsome PN, Sarin SK, Anstee QM, Targher G,
Romero-Gomez M, et al. A new definition for metabolic dys-
function-associated fatty liver disease: an international expert
consensus statement. ] Hepatol 2020;73:202-9.

3. Rinella ME, Lazarus JV, Ratziu V, Francque SM, Sanyal AJ,
Kanwal F, et al. A multisociety Delphi consensus statement
on new fatty liver disease nomenclature. Hepatology 2023;78:
1966-86.

4. Harrison SA, Bedossa P, Guy CD, Schattenberg JM, Loomba
R, Taub R, et al. A phase 3, randomized, controlled trial of

https://www.jomes.org | 247



Liu C, et al. Exercise for Steatotic Liver Disease

10.

11.

12.

13.

14.

1S.

16.

248 |

resmetirom in NASH with liver fibrosis. N Engl ] Med 2024;
390:497-509.

. Berzigotti A, Saran U, Dufour JE. Physical activity and liver

diseases. Hepatology 2016;63:1026-40.

. Keating SE, Hackett DA, George J, Johnson NA. Exercise and

non-alcoholic fatty liver disease: a systematic review and me-

ta-analysis. ] Hepatol 2012;57:157-66.

. Lemes IR, Ferreira PH, Linares SN, Machado AF, Pastre CM,

Netto J Jr. Resistance training reduces systolic blood pressure
in metabolic syndrome: a systematic review and meta-analysis
of randomised controlled trials. Br J Sports Med 2016;50:
1438-42.

. Kelley GA, Kelley KS. Efficacy of aerobic exercise on coronary

heart disease risk factors. Prev Cardiol 2008;11:71-5.

. Serbis A, Polyzos SA, Paschou SA, Siomou E, Kiortsis DN.

Diet, exercise, and supplements: what is their role in the man-
agement of the metabolic dysfunction-associated steatotic liv-
er disease in children? Endocrine 2024;85:988-1006.
Castaneda C, Layne JE, Munoz-Orians L, Gordon PL, Wal-
smith J, Foldvari M, et al. A randomized controlled trial of re-
sistance exercise training to improve glycemic control in older
adults with type 2 diabetes. Diabetes Care 2002;25:2335-41.
Mambrini SP, Grillo A, Colosimo S, Zarpellon F, Pozzi G,
Furlan D, et al. Diet and physical exercise as key players to
tackle MASLD through improvement of insulin resistance
and metabolic flexibility. Front Nutr 2024;11:1426551.
Hashida R, Kawaguchi T, Bekki M, Omoto M, Matsuse H,
Nago T, et al. Aerobic vs. resistance exercise in non-alcoholic
fatty liver disease: a systematic review. ] Hepatol 2017;66:
142-52.

Rodriguez B, Torres DM, Harrison SA. Physical activity: an
essential component of lifestyle modification in NAFLD. Nat
Rev Gastroenterol Hepatol 2012;9:726-31.

Rinella ME, Sanyal AJ. Management of NAFLD: a stage-based
approach. Nat Rev Gastroenterol Hepatol 2016;13:196-205.
Mahady SE, George J. Exercise and diet in the management of
nonalcoholic fatty liver disease. Metabolism 2016;65:1172-82.
Oliveira CP, de Lima Sanches P, de Abreu-Silva EO, Marca-
denti A. Nutrition and physical activity in nonalcoholic fatty
liver disease. J Diabetes Res 2016;2016:4597246.

https://www.jomes.org

17.

18.

19.

20.

21.

22.

23.

24.

2S.

26.

jomes

Marchesini G, Petta S, Dalle Grave R. Diet, weight loss, and
liver health in nonalcoholic fatty liver disease: pathophysiolo-
gy, evidence, and practice. Hepatology 2016;63:2032-43.
Bellentani S, Dalle Grave R, Suppini A, Marchesini G; Fatty
Liver Italian Network. Behavior therapy for nonalcoholic fatty
liver disease: the need for a multidisciplinary approach. Hepa-
tology 2008;47:746-54.

Xu J, Li Y, Feng Z, Chen H. Cigarette smoke contributes to
the progression of MASLD: from the molecular mechanisms
to therapy. Cells 2025;14:221.

Eslamparast T, Tandon P, Raman M. Dietary composition in-
dependent of weight loss in the management of non-alcoholic
fatty liver disease. Nutrients 2017;9:800.

Cusi K, Isaacs S, Barb D, Basu R, Caprio S, Garvey WT, et al.
American Association of Clinical Endocrinology clinical prac-
tice guideline for the diagnosis and management of nonalco-
holic fatty liver disease in primary care and endocrinology
clinical settings: co-sponsored by the American Association
for the Study of Liver Diseases (AASLD). Endocr Pract 2022;
28:528-62.

Lassailly G, Caiazzo R, Ntandja-Wandji LC, Gnemmi V, Baud
G, Verkindt H, et al. Bariatric surgery provides long-term res-
olution of nonalcoholic steatohepatitis and regression of fibro-
sis. Gastroenterology 2020;159:1290-301.

European Association for the Study of the Liver (EASL); Eu-
ropean Association for the Study of Diabetes (EASD); Euro-
pean Association for the Study of Obesity (EASO). EASL-
EASD-EASO clinical practice guidelines on the management
of metabolic dysfunction-associated steatotic liver disease
(MASLD). Obes Facts 2024;17:374-444.

Vilar-Gomez E, Martinez-Perez Y, Calzadilla-Bertot L, Torres-
Gonzalez A, Gra-Oramas B, Gonzalez-Fabian L, et al. Weight
loss through lifestyle modification significantly reduces features
of nonalcoholic steatohepatitis. Gastroenterology 2015;149:
367-78.

Younossi ZM, Corey KE, Lim JK. AGA clinical practice up-
date on lifestyle modification using diet and exercise to achieve
weight loss in the management of nonalcoholic fatty liver dis-
ease: expert review. Gastroenterology 2021;160:912-8.
Semmler G, Datz C, Reiberger T, Trauner M. Diet and exer-

] Obes Metab Syndr 2025;34:239-252



Liu C, et al. Exercise for Steatotic Liver Disease

27.

28.

29.

30.

31.

32.

33.

cise in NAFLD/NASH: beyond the obvious. Liver Int 2021;
41:2249-68.

Beygi M, Ahi S, Zolghadri S, Stanek A. Management of meta-
bolic-associated fatty liver disease/metabolic dysfunction-as-
sociated steatotic liver disease: from medication therapy to
nutritional interventions. Nutrients 2024;16:2220.

Tosti V, Bertozzi B, Fontana L. Health benefits of the medi-
terranean diet: metabolic and molecular mechanisms. ] Geron-
tol A Biol Sci Med Sci 2018;73:318-26.

Ma, Yang W, Simon TG, Smith-Warner SA, Fung TT, Sui J,
et al. Dietary patterns and risk of hepatocellular carcinoma
among U.S. men and women. Hepatology 2019;70:577-86.
Watanabe M, Tozzi R, Risi R, Tuccinardi D, Mariani S, Bas-
ciani S, et al. Beneficial effects of the ketogenic diet on nonal-
coholic fatty liver disease: a comprehensive review of the lit-
erature. Obes Rev 2020;21:e13024.

Anekwe CV, Chandrasekaran P, Stanford FC. Ketogenic diet-
induced elevated cholesterol, elevated liver enzymes and po-
tential non-alcoholic fatty liver disease. Cureus 2020;12:e6605.
Markova M, Pivovarova O, Hornemann S, Sucher S, Frahnow
T, Wegner K, et al. Isocaloric diets high in animal or plant pro-
tein reduce liver fat and inflammation in individuals with type
2 diabetes. Gastroenterology 2017;152:571-85.

Cohen CC, Li KW, Alazraki AL, Beysen C, Carrier CA, Clee-
ton RL, et al. Dietary sugar restriction reduces hepatic de novo
lipogenesis in adolescent boys with fatty liver disease. J Clin

Invest 2021;131:e150996.

34. Jia GY, Han T, Gao L, Wang L, Wang SC, Yang L, et al. Effect

3S.

36.

of aerobic exercise and resistance exercise in improving non-
alcoholic fatty liver disease: a randomized controlled trial. Zhon-
ghua Gan Zang Bing Za Zhi 2018;26:34-41.

Lee S, Libman I, Hughan K, Kuk JL, Jeong JH, Zhang D, et al.
Effects of exercise modality on insulin resistance and ectopic
fat in adolescents with overweight and obesity: a randomized
clinical trial. J Pediatr 2019;206:91-8.

Charatcharoenwitthaya P, Kuljiratitikal K, Aksornchanya O,
Chaiyasoot K, Bandidniyamanon W, Charatcharoenwitthaya
N. Moderate-intensity aerobic vs resistance exercise and dietary
modification in patients with nonalcoholic fatty liver disease:

a randomized clinical trial. Clin Transl Gastroenterol 2021;

J Obes Metab Syndr 2025;34:239-252

37.

38.

39.

40.

41.

42.

43.

4S.

46.

47.

jomes

12:e00316.

Aberg F, Firkkild M. Drinking and obesity: alcoholic liver
disease/nonalcoholic fatty liver disease interactions. Semin
Liver Dis 2020;40:154-62.

Long MT, Massaro JM, Hoffmann U, Benjamin EJ, Naimi TS.
Alcohol use is associated with hepatic steatosis among persons
with presumed nonalcoholic fatty liver disease. Clin Gastro-
enterol Hepatol 2020;18:1831-41.

Liu CJ, Seto WK, Yu ML. Dual-etiology MAFLD: the inter-
actions between viral hepatitis B, viral hepatitis C, alcohol, and
MAFLD. Hepatol Int 2024;18(Suppl 2):897-908.

Chen MJ, Chen Y, Lin JQ, Hu R, Liu D, Chen JY, et al. Evi-
dence summary of lifestyle interventions in adults with meta-
bolic dystunction-associated steatotic liver disease. Front Nutr
2025;11:1421386.

Chatzinikolaou A, Fatouros I, Petridou A, Jamurtas A, Avlon-
iti A, Douroudos I, et al. Adipose tissue lipolysis is upregulated
in lean and obese men during acute resistance exercise. Dia-
betes Care 2008;31:1397-9.

Johnson NA, Keating SE, George J. Exercise and the liver:
implications for therapy in fatty liver disorders. Semin Liver
Dis 2012;32:65-79.

Alabdul Razzak I, Fares A, Stine JG, Trivedi HD. The role of
exercise in steatotic liver diseases: an updated perspective.
Liver Int 2025;45:e16220.

. Smith MR, Yu EL, Malki GJ, Newton KP, Goyal NP, Heskett

KM, et al. Systematic review of exercise for the treatment of
pediatric metabolic dysfunction-associated steatotic liver dis-
ease. PLoS One 2024;19:e0314542.

Ghouri N, Preiss D, Sattar N. Liver enzymes, nonalcoholic
fatty liver disease, and incident cardiovascular disease: a nar-
rative review and clinical perspective of prospective data. Hep-
atology 2010;52:1156-61.

Targher G, Byrne CD, Lonardo A, Zoppini G, Barbui C. Non-
alcoholic fatty liver disease and risk of incident cardiovascular
disease: a meta-analysis. ] Hepatol 2016;65:589-600.
Hallsworth K, Fattakhova G, Hollingsworth KG, Thoma C,
Moore S, Taylor R, et al. Resistance exercise reduces liver fat
and its mediators in non-alcoholic fatty liver disease indepen-

dent of weight loss. Gut 2011;60:1278-83.

https://www.jomes.org | 249



Liu C, et al. Exercise for Steatotic Liver Disease

48.

49.

S0.

S1.

S2.

S3.

4.

SS.

Sé.

S7.

250 |

Lee S, Bacha F, Hannon T, Kuk JL, Boesch C, Arslanian S.
Effects of aerobic versus resistance exercise without caloric
restriction on abdominal fat, intrahepatic lipid, and insulin
sensitivity in obese adolescent boys: a randomized, controlled
trial. Diabetes 2012;61:2787-95.

Bacchi E, Negri C, Targher G, Faccioli N, Lanza M, Zoppini G,
et al. Both resistance training and aerobic training reduce he-
patic fat content in type 2 diabetic subjects with nonalcoholic
fatty liver disease (the RAED2 Randomized Trial). Hepatolo-
gy 2013;58:1287-9S.

Romero-Gémez M, Zelber-Sagi S, Trenell M. Treatment of
NAFLD with diet, physical activity and exercise. ] Hepatol
2017;67:829-46.

Zelber-Sagi S, Buch A, Yeshua H, Vaisman N, Webb M, Ha-
rari G, et al. Effect of resistance training on non-alcoholic fatty-
liver disease a randomized-clinical trial. World J Gastroenterol
2014;20:4382-92.

Shamsoddini A, Sobhani V, Ghamar Chehreh ME, Alavian
SM, Zaree A. Effect of aerobic and resistance exercise training
on liver enzymes and hepatic fat in Iranian men with nonal-
coholic fatty liver disease. Hepat Mon 2015;15:e31434.
Slentz CA, Bateman LA, Willis LH, Shields AT, Tanner CJ,
Piner LW, et al. Effects of aerobic vs. resistance training on
visceral and liver fat stores, liver enzymes, and insulin resis-
tance by HOMA in overweight adults from STRRIDE AT/
RT. Am J Physiol Endocrinol Metab 2011;301:E1033-9.
Takahashi A, Abe K, Usami K, Imaizumi H, Hayashi M, Okai
K, et al. Simple resistance exercise helps patients with non-
alcoholic fatty liver disease. Int J Sports Med 2015;36:848-52.
Sertie RA, Andreotti S, Proenca AR, Campana AB, Lima-Sal-
gado TM, Batista ML Jr, et al. Cessation of physical exercise
changes metabolism and modifies the adipocyte cellularity of
the periepididymal white adipose tissue in rats. ] Appl Physiol
(1985) 2013;115:394-402.

Petridou A, Tsalouhidou S, Tsalis G, Schulz T, Michna H,
Mougios V. Long-term exercise increases the DNA binding
activity of peroxisome proliferator-activated receptor gamma
in rat adipose tissue. Metabolism 2007;56:1029-36.

Ricquier D. Respiration uncoupling and metabolism in the

control of energy expenditure. Proc Nutr Soc 2005;64:47-52.

https://www.jomes.org

S8.

59.

60.

61.

62.

63.

64.

6S.

66.

67.

68.

jomes

Aghapour A, Farzanegi P. Effect of six-week aerobic exercise
on Chemerin and Resistin concentration in hypertensive post-
menopausal women. Electron Physician 2013;5:623-30.

Haus JM, Solomon TP, Kelly KR, Fealy CE, Kullman EL, Scel-
si AR, et al. Improved hepatic lipid composition following
short-term exercise in nonalcoholic fatty liver disease. J Clin
Endocrinol Metab 2013;98:E1181-8.

Nikseresht M, Sadeghifard N, Agha-Alinejad H, Ebrahim K.
Inflammatory markers and adipocytokine responses to exer-
cise training and detraining in men who are obese. ] Strength
Cond Res 2014;28:3399-410.

Lillioja S, Young AA, Culter CL, Ivy JL, Abbott WG, Zawadzki
JK, et al. Skeletal muscle capillary density and fiber type are
possible determinants of in vivo insulin resistance in man. J
Clin Invest 1987;80:415-24.

Verdijk LB, Gleeson BG, Jonkers RA, Meijer K, Savelberg
HH, Dendale D, et al. Skeletal muscle hypertrophy following
resistance training is accompanied by a fiber type-specific in-
crease in satellite cell content in elderly men. J Gerontol A
Biol Sci Med Sci 2009;64:332-9.

Gallagher PM, Touchberry CD, Teson K, McCabe E, Tehel M,
Wacker MJ. Effects of an acute bout of resistance exercise on
fiber-type specific to GLUT4 and IGF-1R expression. Appl
Physiol Nutr Metab 2013;38:581-6.

Oh YS, Kim HJ, Ryu SJ, Cho KA, Park YS, Park H, et al. Ex-
ercise type and muscle fiber specific induction of caveolin-1
expression for insulin sensitivity of skeletal muscle. Exp Mol
Med 2007;39:395-401.

Bostrom P, Wu J, Jedrychowski MP, Korde A, Ye L, Lo JC, et
al. A PGCl1-a-dependent myokine that drives brown-fat-like
development of white fat and thermogenesis. Nature 2012;
481:463-8.

Karstoft K, Pedersen BK. Skeletal muscle as a gene regulatory
endocrine organ. Curr Opin Clin Nutr Metab Care 2016;19:
270-S.

Park MJ, Kim DI, Choi JH, Heo YR, Park SH. New role of
irisin in hepatocytes: the protective effect of hepatic steatosis
in vitro. Cell Signal 2015;27:1831-9.

Polyzos SA, Kountouras J, Anastasilakis AD, Geladari EV,

Mantzoros CS. Irisin in patients with nonalcoholic fatty liver

] Obes Metab Syndr 2025;34:239-252



Liu C, et al. Exercise for Steatotic Liver Disease

69.

70.

71.

72.

73.

74.

7S.

76.

77.

78.

disease. Metabolism 2014;63:207-17.

Kim HJ, Lee H]J, So B, Son JS, Yoon D, Song W. Effect of aer-
obic training and resistance training on circulating irisin level
and their association with change of body composition in
overweight/obese adults: a pilot study. Physiol Res 2016;65:
271-9.

Weston KS, Wisloft U, Coombes JS. High-intensity interval
training in patients with lifestyle-induced cardiometabolic dis-
ease: a systematic review and meta-analysis. Br J Sports Med
2014;48:1227-34.

Rossi PA, Panissa VL, Silveira R, Takito MY, Lima FS, Rossi
FE, et al. Post-exercise energy intake: do the intensity and
mode of exercise matter?: a systematic review and meta-anal-
ysis comparing high-intensity interval with moderate-intensity
continuous protocols. Eur J Clin Nutr 2022;76:929-42.
Maclnnis MJ, Gibala MJ. Physiological adaptations to interval
training and the role of exercise intensity. ] Physiol 2017;595:
2915-30.

Guo Z, Li M, Cai J, Gong W, Liu Y, Liu Z. Effect of high-in-
tensity interval training vs. moderate-intensity continuous train-
ing on fat loss and cardiorespiratory fitness in the young and
middle-aged a systematic review and meta-analysis. Int J En-
viron Res Public Health 2023;20:4741.

Blackwell JE, Doleman B, Herrod PJ, Ricketts S, Phillips BE,
Lund JN, et al. Short-term (<8 wk) high-intensity interval
training in diseased cohorts. Med Sci Sports Exerc 2018;50:
1740-9.

Dudley GA, Abraham WM, Terjung RL. Influence of exercise
intensity and duration on biochemical adaptations in skeletal
muscle. J Appl Physiol Respir Environ Exerc Physiol 1982;53:
844-50.

Viana RB, Naves JP, Coswig VS, de Lira CA, Steele J, Fisher
JP, et al. Is interval training the magic bullet for fat loss?: a
systematic review and meta-analysis comparing moderate-in-
tensity continuous training with high-intensity interval train-
ing (HIIT). Br J Sports Med 2019;53:655-64.

Robergs RA, Ghiasvand F, Parker D. Biochemistry of exercise-
induced metabolic acidosis. Am J Physiol Regul Integr Comp
Physiol 2004;287:R502-16.

Juel C. Lactate/proton co-transport in skeletal muscle: regula-

J Obes Metab Syndr 2025;34:239-252

79.

80.

81.

82.

83.

84.

8S.

86.

87.

88.

89.

jomes

tion and importance for pH homeostasis. Acta Physiol Scand
1996;156:369-74.

Astrand PO, Hallbick I, Hedman R, Saltin B. Blood lactates
after prolonged severe exercise. ] Appl Physiol (1985) 1963;
18:619-22.

Mungan I, Kazana1 D, Bektas $, Ademoglu D, Turan S. Does
lactate clearance prognosticates outcomes in ECMO therapy:
a retrospective observational study. BMC Anesthesiol 2018;
18:152.

Brooks GA. The science and translation of lactate shuttle the-
ory. Cell Metab 2018;27:757-85.

Xie H, Mao X, Wang Z. Effect of high-intensity interval train-
ing and moderate-intensity continuous training on blood lac-
tate clearance after high-intensity test in adult men. Front
Physiol 2024;15:1451464.

Holloszy JO, Coyle EF. Adaptations of skeletal muscle to en-
durance exercise and their metabolic consequences. ] Appl
Physiol Respir Environ Exerc Physiol 1984;56:831-8.
Andersen P, Henriksson J. Training induced changes in the
subgroups of human type II skeletal muscle fibres. Acta Physi-
ol Scand 1977;99:123-5.

Saltin B, Rowell LB. Functional adaptations to physical activi-
ty and inactivity. Fed Proc 1980;39:1506-13.

Egan B, Zierath JR. Exercise metabolism and the molecular
regulation of skeletal muscle adaptation. Cell Metab 2013;17:
162-84.

Melmen KS, Almquist NW, Skattebo . Effects of exercise
training on mitochondrial and capillary growth in human
skeletal muscle: a systematic review and meta-regression. Sports
Med 2025;55:115-44.

Hoier B, Passos M, Bangsbo J, Hellsten Y. Intense intermittent
exercise provides weak stimulus for vascular endothelial growth
factor secretion and capillary growth in skeletal muscle. Exp
Physiol 2013;98:585-97.

Cocks M, Shaw CS, Shepherd SO, Fisher JP, Ranasinghe A,
Barker TA, et al. Sprint interval and moderate-intensity con-
tinuous training have equal benefits on aerobic capacity, insu-
lin sensitivity, muscle capillarization and endothelial eNOS/
NAD(P)Hoxidase protein ratio in obese men. J Physiol 2016;
594:2307-21.

https://www.jomes.org | 251



Liu C, et al. Exercise for Steatotic Liver Disease

90.

9L

92.

252 |

Martins C, Kazakova I, Ludviksen M, Mehus I, Wisloff U,
Kulseng B, et al. High-intensity interval training and isocalo-
ric moderate-intensity continuous training result in similar
improvements in body composition and fitness in obese indi-
viduals. Int J Sport Nutr Exerc Metab 2016;26:197-204.
Poon ET, Wongpipit W, Li HY, Wong SH, Siu PM, Kong AP,
et al. High-intensity interval training for cardiometabolic health
in adults with metabolic syndrome: a systematic review and
meta-analysis of randomised controlled trials. Br J Sports Med
2024;58:1267-84.

Souza-Tavares H, Santana-Oliveira DA, Vasques-Monteiro
IML, Silva-Veiga FM, Mandarim-de-Lacerda CA, Souza-Mel-
lo V. Exercise enhances hepatic mitochondrial structure and
function while preventing endoplasmic reticulum stress and
metabolic dysfunction-associated steatotic liver disease in mice
fed a high-fat diet. Nutr Res 2024;126:180-92.

https://www.jomes.org

93.

94.

9s.

96.

jomes

Mucinski JM, Salvador AF, Moore MP, Fordham TM, Ander-
son JM, Shryack G, et al. Histological improvements following
energy restriction and exercise: the role of insulin resistance
in resolution of MASH. J Hepatol 2024;81:781-93.

Ratziu V, Ghabril M, Romero-Gomez M, Svegliati-Baroni G.
Recommendations for management and treatment of nonal-
coholic steatohepatitis. Transplantation 2019;103:28-38.
Streb AR, Tozetto WR, da Silva CS, Bertuol C, Minatto G,
Del Duca GF. Characteristics of interventions with exercise
according to the adherence of adults with obesity: a system-
atic review. Clin Obes 2025;15:e12733.

Zeng MH, Shi QY, Xu L, Mi YQ. Establishment and valida-
tion of an adherence prediction system for lifestyle interven-
tions in non-alcoholic fatty liver disease. World J Gastroenter-

ol 2024;30:1393-404.

] Obes Metab Syndr 2025;34:239-252



